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COMPLETE SPECinCATION 

Improvem^ts relating to the De^sulphurisialion of 
Aromatic Hydrocarbons, 



We, The British Petroleum Company 
Limited^ of Britannic House, Finsbuiy Qrcus, 
London, E.C.2., England, a company incorpor- 
ated in accordance with the Laws (rf Ei^and, 

5 do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the m^od by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

10 This invendon relates to the desulphurisa- 
tion of aromadc-containii^ hydrocarbon frac- 
tions by combination of the sulphur with 
nidkel. 

It is known that in many uses of aro- 
15 matics, particularly the lower-boiling aro- 
matics such as benzene and tduene, a very low 
content of sulphur is called for. For example 
it is desirable that benzene required for hydro- 
genation to cyclohexane should have a very low 
20 sulphur content if the hydrogenaticHi process 
employed uses a su^hur-sensitive catalyst snch 
as nickeL 

It is also known that sulphur combines with 
nickel at moderate temperatures and pressures 

25 and henoe a process in winch the aromatics are 
desu^hoiised over nickel is potentially feas- 
ible. However, it has been found that for such 
a process to be dffective for long periods it 
has to be operated in the presence of hydrogen. 

30 This is believed to be due to the 
fact that the sulphur is present as 
organic sulphur (compounds and that 
as the sulphur is adsorbed, unsaturated 
organic radicals are produced which tend to 

35 polymexlse on the nickel suifece and reduce 
its catalytic activity. If hydrogen is available 
these unsaturated radicals are hydrogenated to 
harmless saturated hydrocarbons. The need to 
have hydrogen present then introduces the risk 

40 of hydrogenation of the aromatic hydrocarbons 
and the practical value of a desulphurisation 



process over nickel thus turns on whether it is 
possible to find conditions in which desulphur- 
isation takes place without aK>reciable hydro- 
genation of the aromatic hydrocarbons. 

The present invention utilises the fact that 
the hydrogenation activity of nickel declines as 
the amount of sulphur combined with it in- 
creases. 

According to the present invention therefore 
a process for the desulphurisation of an aro- 
matic hydrocarbon-containing fraction without 
appreciable hydrogenation of the aromatic 
bydrocarbons comprises passing the fraction 
in the liquid or vapour phase, and in the fHce- 
sence of hydrogen over si^ported nickel at a 
temperature and pressure such that sulphur 
combines widi the nickel but bdow the tem- 
perature and. pressure at which hydrogen sul- 
phide is produced, said nickel having been pre- 
sulphided in the absence of hydrogenatable. 
material to a sulphur-nickel atomic ratio such 
that the nickel has no aromatic hydrogenating 
activity at the temperature and pressure used 
for the desulphurisation. 

The sulphur-nickel atomic ratio at which 
aromatic hydrogenating activity is lost de- 
pends on the temperature and pressure used 
for the desulphurisation and may be as low 
as 0.02: 1 at low temperatures aiid pressures 
(for example 200°F and atmospheric pressure). 
However since desulphurisation is favoured 
by higher temperatures and pressures these are 
preferred and the minimum sulphur nickel 
atomic ratio is preferably 0.1: 1. It has been 
found that such partially sulphided nickel will 
continue to absorb sulphur under suitable con- 
ditions to a level of at least 0.75:1. Pie- 
suJ^hiding to a level above 0.1:1 will not 
dius render the uxvention inoperable, but 
clearly presulphlding to above the minimum 
level reduces the total dcsultdiurisation cap- 
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adty. The preferred upper limit is thus 02:1 
and more particulaily the prefened Imut is 

0-12:1. ^ . . * . 

The aromatic hydrocarbon-comajmng frac- 
tion need not consist wholly of aromatics, but 
if it does net the preferred other components 
are saturated hydrocarbcms. Preferably, how- 
ever, tiic feedstock contains at least 95% wt. 
of aromatic hydrocarbons. The preferred aro- 
matic hydrocarbon is benzene. When the feed- 
stock consists predominandy of aromaac 
hydrocarbons the sulphur ccanpounds most 
likely to be present are ring-type sulphur com- 
pounds such as thiophenes and subsumted 
diiophenes. The sulphur content will depend 
on the source and previous history of the feed- 
stock and is not critical. The present inven- 
tion is, however, particularly suitable for re- 
moving relatively small amounts of sulphur, 
particularly thiophenic sulphur, which arc 
difficult to remove by other processes and for 
reducing the sulphur content to a very low 
kvcL Thus feedstocks with sulphur contents 
in die range 1 to 50 ppm wt are preferred, 
sulphur contents of up to 10 ppm wt boAg 
especially preferred, and these can be de- 
sulphurised to levels erf less than 1 ppm wt, 
more particularly to levels of less than 0.5 
ppm wt. 



If desired feedstocks containing large 
amounts of sulphur may be subjected to any 
of the known catalytic hydrodesulphurisation 
processes before being desulphurised by the 
present process. Such known processes shoidd 
employ catalysts of poor hydrogenation activity, 
for example cobalt and motybdenum oxides 
on alumina. Alternatively more than one stage 
of desu^phurisation according to the present 
process may be used. Bodi of these alternatives 
are inchided witiiin die scope of the present 
invention. If a preliminary hydrodesulphur- 
isation is carried out hydrogen sulphide pro- 
duced must he removed before the hydro- 
carbon material is contaaed widi the sup- 
ported nickel. ^ 

References to sulphur contents m this spcor- 
fication are to both combined and uncombined 
sulphur, but arc expressed as the element. 

The term "without appreciable hydrogena- 
tion of die aromatics" means that less than 
10 mol % and preferably less than 5 mol % 
of the aromatics present are hydrogenated. 

Since the catalyst used has been presul- 
phided to reduce its aromatic hydrogenating 
activity the choice of process craditions is 
wider than if elemental nickel were used. 

The process conditions may be seleaed from 
the following ranges; 
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0 to 2000 psig 
(preferably 0 to 1000 psig) 

0.05 to 10 v/v/hr. 
(preferably 0.2 to 5.0 v/v/hr.) 

Inlet hydrogen: hydrocarbon 0-005 to 10 :1 molar 
ratio on total f«d (preferably 0.02 to 5 : 1 molar) 



Pressure 



Space Velocity 



Temperature 



122 to 600-^ F. (50 to 316^ C.) 
(preferably 1 67 to 550 ' F.) (75 to 288 ^ C) 



60 Higher tenqieratures are preferred, provid- 
ing riiat there is no appreciable hyAogenation, 
Higher pressures favour desulphurisation and 
can be chosen according to whether 
operation in liquid or vapour phase 

65 conditions is desired. The amount o* 
hydrogen within the above hydrogen to 
hydrocarbon ratio ranges required to keep the 
nickel clean may be found by experiment. A 
substantial excess over this amount would be 

70 wasteful and increases the risk of hydrogena- 
tion. . . L 

The supported nickel matenal used m the 
present process may be prepared in any of the 
known ways and may incorporate any of the 
75 known natural or synthetic support materials, 
such as the refractory oxides of the elements 
of Groups II to V of the Periodic Table, or 
kicselguhr, pumice at sepiolite. Sepiolite is the 



preferred material and the preferred supported 
nickel material for the process of the invention 80 
is nickel on sepiolite prepared and activated 
according to the disclosures of British Patent 
No. 899652. ^ . , 

Nickel on sepiolite prepared and activatea 
according to the. above-mentioned British Pat- 85 
ent may contain from 1 to 50% wt. nickel (ex- 
pressed as the element) and more particularly 
from 5 to 25?o wt. Such a catalyst has a high 
nickel surface area and a high sulphur cap- 
acity. The sulphur capacinr will be prc^or- 90 
tional to die nickel content, but cost will also 
increase with increasing nickel content. 

The process of the invention may be con- 
ducted in liquid or vapour phase or in mixed 
(gas/liquid) phase. Vapour phase operation is 95 
preferred. If in the liquid phase upward flow 
in the reactor is preferably employed. A fixed 
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or fiuidised catalyst bed may be used. In the 
latter case high liquid space velochies may 
cause catalysts to be carried over with the 
product, in which case a settling tank will be 

5 necessary to recover the product 

dearly the whole of the bed of contact 
material will have to have the reqaired mini- 
mum sulidnsr-.nickd atomic ratio to prevent 
hydrogenadon and in practice it will be the 

10 nickel near the reactor outlet which will be 
sulpMded last This makes uniform sulphid- 
since otherwise the end of 
the bed will be over^su^hidead with conse- 
quent loss of desulphuiisatian capacity. By 

15 presolfdudir^ according to the present inven-- 
tion in the absence of hydrogenatable material 
conditions can be chosen which favour imiform 
sulphiding. The main f aaors which gov^ the 
extent and uniformity of scdphiding are 

20 (i) the choice of sulf^ur compound. 

(ii) the temperature at ^viddi the sulphur 
compound is passed over the nickeL 

(iii) the amount of sulphur compound used. 

(iv) the space velocity at which the sulphur 
25 compound is passed over the nickel. 

The choice of sulphur compound is par- 
ticularly important since the Applicants have 
previoi^y found that, when investigating the 
behaviour of sulphur compounds to nickel, 

30 sulphur compounds can be divided into two 
dasses. One dass, (referred to as Oass A), at 
tenqieratuies bdow 392^F, so^ihides nidsl to 
a limited extent only which is not esceeded 
even if excess sulj^mr is passed over the nidcd; 

35 the other ckss (rcfened to as Class B) con- 
tinues to sulphide the nickd so long as its 
passage over the nidcel continues. 

For the purpose of the present specification 
we classify su]phiu:-containing compounds as 

40 fdlows: — 

Class A Thiophenes, thlocydoalkanes having 
at least 4 carbon atoms in the ring; and 
dialkyl-monosulphides. 

Class B Sulphur containing organic com- 
45 pounds not induded in Qass A (for ex- 
ample mercapms, thiacydobutane and 
dialkyi disulphides), and demental snl- 
phiu", hydrogen sulphide and carbcm di- 
sulphide. 

50 Compounds of class A are thus preferred 
and by suitable adjustment of the temperature 
in the range 32 to 392°F any desired sulphur- 
nickel atomic ratio can be obtained up to 
about 0^5: 1. Thus for the particularly pre- 

55 fened range of 0.1 to 0.12: 1 the presulpliiding 
tenqierature will be in the range 284 — ^347^F. 

nef exred dass A compounds are thi(^henes 
or thiacydoalfcanes having from 4 to 10 carbon 
atoms per molecule, and particularly prdened 



compounds are thiq)hene itself or thiacydo- 60 
pentane (tetiahydrothiophene). 

With dass A compoundis oversulphiding 
cannot occur so that the amounts of sulphin: 
compound passed and the space vdodt^ can 
be diosen to give the reqotzed pre-sulpnidiqg 65 
m the intnimnm time. 

Compounds of dass B may be used if de- 
sited but with such compounds careful control 
of the amount of sulphur passed is required 
and hence factors (iii) and ^v) above; beoMne 70 
impcrtxmt The total amount used should be 
slightly more than the stoichiometxic quantity 
and the space velocity should be hig^ to en- 
courage uniform s^biding. The pxedse 
amount and ^ace vdodty can be determined 75 
by a preliminary experiment. 

The pre-^phiding pressure may be in the 
range atmospheric to 1500 psig, atmospheric 
pressure being preferred for convenience- 

When the hydrocarbon radical released as 80 
the sulphur is adsoibed by the nickd is incap- 
able of independent existence, the presence of 
hydrogen is necessary to hydrogenate it to a 
stable hydrocarbon. When it is capable of 
independent existence, the presence of hydro- 85 
gen is not essential but is still preferred. Thus 
while the sulphur compounds may sometimes 
be used by themsdves or in a stream of mert 
gas;, it is desirable that they shcnild be used in 
combination with a stream of hydrogen. 90 
Hydrocarbon fiactiixis containing sulphur 
compounds may also be used, provided the 
hydrocaiboiK are not hydrogenatable. Vapour 
phase condMons are preferred for lliet {^~* 
sulphiding. ^ 

The dSilphurisatfon process of the present 
invendon may be used in any dzcun^tances 
where desulphurisation of aromatic contatning 
hydrocarbon fractions is required but it is par- 
ticulady suitable as the first stage of a process 
for hydrogenadng benzene to cydohexane ^e. 
as a guard chamber for beatizene hydrogena- 
tion). Thus it is particulady suttabk far use 
in combination with die process described in 
co-pending British Patent Application No. 105 
28767/65 (Serial No. 1144495). It may also 
be u^ 'm combination with the hydrogenation 
technique described in co-pendii^ British 
Patent Ai^lication No. 41940/65 (Serial No. 
1141809). 110 

The invention is illustrated by the following 
examples: 

Example 1 

(a) Preparation of a partMty^sulphided mckel 

contact materuA 115 
0.5 g thiophene were dissolved in 100 ml 
of n-heptane and the sohidon passed together 
with hydrogen over an elem^ital nid^ on 
sepiolite catalyst (10% wt nidcel) under the 
following conditions: 120 
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Pressure 
Teiopetatare 
Heptane flow ratse 
Hydrogen flow rate 



atmospheric 
320^ F. (160" C.) 
2 v/v/hr. 
300 v/v/hr. 



The treatment was continued until no further 
butane and butenes were found in the exit 
eases. On analysis, the catalyst was found to 
ccmtain sulphur in a concentration equivalent 
to a sulphur: nickel atomic ratio of 0.1 : 1. 

(b) Use of a partially sulphided niM contact 



A catalyst of 10% wt. elemental nickel on 
10 sepiolite which had been sulphided by contact 



with thiophene to a sulphur-mc^ei asjffiic 
latio of 0.1 : 1, was used to desulphunse baiz- 
ene containing 22 ppm wt. of sulphur, as thio- 
phenic sulphur. The benzene was passed over 
tfie partially sulphided nickel at a space, vel- 
ocity of 1 v/v/hr together with hydrogen at a 
hydrogpn: hydrocarbon ratio of 0.1:1 molar. 
The temperatures and pressures used and the 
results obtained are shown in Table 1 below: 
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Table 1 



Processing Conditions 




Pi 


roduct 


Temperature 


Pressure 
psig 


S/Ni atomic 
ratio on 
catalyst 


Sulphur 
content 
ppm WL 


O' 

o 

desulphurizatlon 


400 


80 


0.17 : 1 


3.5 


84% 


400 


320 


0.25:1 


2.5 


89 


500 


320 


0.31 : 1 


1.0 


96 




39 


0.40:1 


1.2 


95 


» 




0.50 : 1 


2.7 


88 


n 


» 


0.60 : 1 


3.9 


82 


y> 


39 


0.70 : 1 


4.2 


81 


39 


99 


0.748 : 1 


6.7 


70 



25 



The table shows the high sulphur capacity 
of the partially sulphided nickel and the con- 
siderable extent of desulphurisation obtained 
over a period of 1,300 hours. The partiaUy 
sulphided nickel showed substantially no 
hydrogenation activity at the temperatures and 
pressures used. 

Example 2 
A nickel on sepiolite catalyst sulphided as in 



Example 1 was used to desulphurise benzene 
containing 1.6 ppm wt. sulphur. The benzene 
was passed over the partiaUy sulphided catalyst 
at a space velocity of 5 v/v/hr. The hydro- 
hydrocarbon ratio was 1.4: 1 molar. The 
other operating conditions and the level of de- 
sulphurisation obtained were as follows: — 
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TikBLE 2 



Fcocessiiig OmditiQi^ 


Catalyst 
Sulphur : Kickd 
ratio 
atomic 


Product 
Sulphur Caateot 
ppm wt. 


Ten^peratoie 


Pressure 
psig 


400 


200 


0.10:1 


0.5 
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WHAT WE CLAIMIS : — 

1. A process for the desulphurisation of an 
aromatic hydrocarbon-contaiiiing fraction 
without appreciable hydrogenation of the aro- 
matic hydrocarbons, which comprises passing 
the fraction in the Uquid or vapour phase and 
in the presence of hydrogen over supported 
nickel at a temperature and pressure such that 
su^hur combines with the nickel but below the 
temperature and pressure at \diich free hydro- 
gen sulphide is produced, said nickel having 
been pre-snlphided in the absence of hydro- 
genatable material to a sulphur-nickel atomic 
ratio such that the nidxl has no aromatic 
hydrogenating activity at the temperature and 
pressure used for the desulphurisation. 

2. A process as claimed in claim 1, in which 
the said fracdcm contains at least 95% wt, of 
aromatic hydrocarbons and from 1 to 50 ppm 
wt sulphur. 



3. A process as daimed in daim 1 or daim 
2, in which the aromatic hydrocaxbcm is benz- 
ene. 

4. A process as daimed in any of the pre- 
ceding daims in which the suf^orted nickd 
material is nickel on sepiolite con ta i n ing from 
1 to 50i% nidcel, expressed as the element 

5. A process as claimed in any of the pre- 
ceding claims in which the. said nickd has 
been presolphided to a sulphur-nickd atomic 
ratio of from 0.1 : 1 to 02: 1. 

6. A process as claimed in claim 5 in which 
the said nickel has been presulphided to a 
sulphur: nickel atomic ratio of from 0.1: 1 to 
0.12:1. 

7. A process as claimed in any of the pre- 
ceding daims in. which the reaction conditions 
are chosen from the following ranges: 
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Pressure 
Space Vdod^ 



0 to 2000 psig 
0.05 to 10 v/v/hr. 



Inlet hydrogen : hydrocarbon 0.005 to 10 : 1 molar 
ratio on total feed 



Temperature 



122 to 600° F. (50 to 316^ C.) 



8. A process as daimed in daim 7 in which the reaction conditions are selected from the 
followmg ranges. 



Pressure 
Space Vdodty 



0 to 1000 psig 
0.2 to 5.0 v/v/hr. 



Inlet hydrogen : hydrocarbon 0.02 to 5 : 1 molar 
ratio on totd feed 



Temperature 



167 to 550** F. (75 to 288*^00 



45 9. A process as claimed in any of the pre- of Qass A as hereinbefore set out, at a tem- 
ceding claims in which the said nickel is pre- perature of from 32 to 392°F. 
sulphided with a sulphur-containii^ compound 10. A process as daimed in claim 9 in which 50 
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the pre-sulphiding is carried out at a tempera- 
ture of from 284 to 347°F. 

11. A process as claimed in either of claims 
9 and 10 in which the su^huF-<3ontaimng com- 
pound is either thiophene or ijeuahydrothio- 
phene. 

12. A process as claimed in any of the pre- 



ceding claims, substantially as herein desaibed 
and as illustrated by the examples. 

J, WOOLARD, 
Agent for the Applicants. 
Chartered Patent Agent. 
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